The effect of interferon (IFN) on infection and maintenance of persistent infection of Borna disease (BD) virus in cell cultures was investigated. Acutely BD virus-infected primary rabbit brain and rat lung cells produced significant levels of interferon detectable 3 days post-infection in the culture supernatants. Rat brain and rat lung cells persistently infected with BD virus produced only moderate levels of IFN over a long period. In contrast, persistently infected Madin-Darby canine kidney (MDCK) cells did not produce detectable amounts of IFN. Exogenous homologous IFN completely inhibited the expression of BD virus antigen in acutely infected rabbit brain cells, when added during the first 24 h after infection. IFN added later (2 to 6 days post-infection) reduced virus titres to different degrees depending on the onset of treatment. However, IFN added to persistently infected rat lung cells did not appear to influence the degree or quality of BD virus antigen expression or the intracellular amount of infectious virus. Two facts indicate that IFN is not involved in the establishment or maintenance of persistent BD virus infection in ritro. Thus, MDCK cells, which could not be induced to produce IFN, can be readily persistently infected with BD virus in vitro, and exogenous IFN did not appear to influence persistent BD virus infection.
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SUMMARY
The effect of interferon (IFN) on infection and maintenance of persistent infection of Borna disease (BD) virus in cell cultures was investigated. Acutely BD virus-infected primary rabbit brain and rat lung cells produced significant levels of interferon detectable 3 days post-infection in the culture supernatants. Rat brain and rat lung cells persistently infected with BD virus produced only moderate levels of IFN over a long period. In contrast, persistently infected Madin-Darby canine kidney (MDCK) cells did not produce detectable amounts of IFN. Exogenous homologous IFN completely inhibited the expression of BD virus antigen in acutely infected rabbit brain cells, when added during the first 24 h after infection. IFN added later (2 to 6 days post-infection) reduced virus titres to different degrees depending on the onset of treatment. However, IFN added to persistently infected rat lung cells did not appear to influence the degree or quality of BD virus antigen expression or the intracellular amount of infectious virus. Two facts indicate that IFN is not involved in the establishment or maintenance of persistent BD virus infection in ritro. Thus, MDCK cells, which could not be induced to produce IFN, can be readily persistently infected with BD virus in vitro, and exogenous IFN did not appear to influence persistent BD virus infection.
Borna disease (BD) virus causes a persistent infection in the central nervous system (CNS) of naturally infected horses and sheep and in a number of different experimental animals (Danner, 1982; Zwick, 1939) . After an incubation period of more than 2 weeks, encephalitis occurs with various neurological manifestations. The virus can persist in the CNS for months or years without a reduction in the infectious titre (Narayan et al., 1983 a, b) . Cell cultures can be infected directly or by co-cultivation with infected brain cells, depending on the cell type used for infection. Carrier cultures are readily established without further manipulation. Most of the cells continuously produce non-cytocidal infectious virus to relatively high titres. Cell morphology remains unchanged (Herzog & Rott, 1980) . The persistently infected cultures cannot be cured by antiviral antibodies. The work reported here considers the possible role of interferon (IFN) in establishing a persistent viral infection in cells infected by BD virus in vitro.
Throughout this study the strain He/80 of BD virus was used (Herzog et al., 1984) . For infection of tissue culture cells a homogenate of infected rat brain (10~o, w/v) was prepared as described previously (Herzog et al., 1984) . Vesicular stomatitis virus (VSV, Indiana serotype) was used for the assessment of IFN activity, and Newcastle disease virus (NDV, Italian strain) for the induction of IFN. Madin Darby canine kidney (MDCK) cells are routinely grown in our laboratory and can be persistently infected with BD virus (BDV-MDCK) (Herzog & Rott, 1980) . In this study a BDV-MDCK cell line was used between passages 130 and 150 after Primary rabbit embryo brain (REB) cells were obtained after culturing of embryonal brain tissue. REB and RL cells could be acutely infected with BD virus from rat brain homogenate. L1 cells, a permanent cell line from Lewis rat lens epithelium, were a kind gift from Dr H. Rink, Institut ffir Strahlenbiologie, Bonn, F.R.G. All cells were grown in MEM (supplemented with 10~o heat-inactivated foetal calf serum, 1 ~o glutamine, 2.52 g/ml sodium bicarbonate and 240 ~tg/1 neomycin) at 37 °C in a moist atmosphere with 5% COz. Infectivity was determined by indirect immunofluorescence on rabbit embryonal brain cells (Narayan et al., 1983b) . Persistently infected MDCK cells showed 100~o intranuclear fluorescence. In all other persistently infected cells used, viral antigen was detected in 50 to 70% of the cells. When NDV was used for induction of IFN in L1, MDCK or REB cells, cultures were infected with a m.o.i, of approximately 2 to 10 infectious units/cell and supernatants were harvested 24 h later. The inducing virus was removed from the supernatants by ultrafiltration or by pH 2 treatment (Finter, 1965) . Alter this treatment IFN titres of about 104 to l0 s u/ml (laboratory units) were detected in the supernatants. Such a preparation of L 1 cells was used as our standard for rat IFN. All assays for determining antiviral activity were carried out on VSV-infected L1 cells (rat IFN) or on REB cells (rabbit IFN). Briefly, serial twofold dilutions of test supernatants were prepared and added, together with the indicator cells, to flat-bottomed microtitre plates. Cultures were infected 24 h later with 100 IDs0 of VSV. After an additional incubation of 48 h, supernatants were removed and cells were stained with crystal violet (Stewart, 1979) . In some experiments supernatants from test wells were harvested and were titrated in a plaque assay in order to quantify VSV from those cultures (secondary plaque assay, Hirt et al., 1978) .
To determine whether BD virus can induce production of IFN, supernatants of primary and persistently infected cells were tested for the presence of IFN activity. Low but significant amounts of IFN were found in primary (data not shown) and persistently infected cell cultures (Fig. 1) . Treatment at pH 2 or with u.v. light which has been shown to eliminate BD virus infectivity did not alter antiviral activity in supernatants harvested from acutely or persistently infected cells. Similar results were obtained if RL or REB cells, after primary infection with BD 10"*/10 s Short term -1 to +2 < 10 ~ -1 to 0 <10 ~ +1 to +3 <10 ~ +2 to +4 10 ~ +3 to +5 10 ~ Control~" 106/107 * IFN (103 u/ml) was obtained from REB cells by NDV induction. Long-term treatment was started on the given day relative to acute BD virus infection of REB cells; treatment was continued until day 12 post-infection. Short-term treatment, time period during which IFN was present relative to acute infection. Afterwards IFN was removed, cultures were washed and kept until day 12.
t Control cultures were infected (day 0) and kept until day 12 without IFN.
virus were superinfected 3 or 5 days later with VSV. The protection of BD virus-infected cells against the cytopathic effect of VSV was correlated with the multiplicity of BD virus infection and the length of time of infection. The higher the amount of BD virus used for the infection and the later the VSV was added to the cultures, the higher was the percentage of surviving cells even 3 days after superinfection. These results could be confirmed by the secondary plaque assay. If persistently infected RL cells were superinfected with VSV nearly 100~ of the cells survived only if VSV was added on or later than day 3 after trypsinization.
To test whether u.v. treatment of BD virus results in an altered IFN induction in cells (as has been shown for several virus-cell systems, e.g. by Burke & Isaacs, 1958; Gandhi et al., 1970; Henderson & Joklik, 1978) we irradiated BD virus for various times and incubated cells with these virus preparations. Even irradiation for 3 min, which completely abolished infectivity, did not change IFN induction by BD virus. We also tested whether IFN production by persistently infected BDV-RL cells could be enhanced by superinduction with NDV. Therefore, 1-, 3-, 7-and 10-day-old cultures were challenged with NDV, supernatants were harvested 24, 48 and 72 h later and the IFN concentrations were determined. Only in the case of supernatants recovered after the first 24 h was a small increase in IFN titre found.
To determine whether IFN could influence BD virus infection, exogenous IFN induced by NDV was added to the REB test cultures at different times before and after BD virus infection. The results obtained are given in Table 1 . Under long-term treatment, it can be seen that virus growth could be prevented if IFN was added between 24 h before and 24 h after BD virus infection and if it was present during the rest of the incubation period. Even if IFN treatment was started 7 days after infection, a significant reduction in infectivity could be found 5 days later. For short-term treatment, the effect was similar if the cells were washed after a short IFN incubation period of 1 to 3 days.
To examine whether IFN plays a role in the establishment of persistent infection, primary BD virus-infected MDCK cells were used. These cells are unable to produce IFN even after infection with NDV (our unpublished observation). When infected with BD virus they showed all the criteria of a persistently infected cell line: they produced viral antigen and infectious virus without cell destruction and could be passaged indefinitely.
To see whether IFN has an effect on the maintenance of infection, BDV-RL cells, which were shown to produce small amounts of IFN (Fig. 1) were additionally treated either for 2 to 3 days only or for 1 week or every 2 days during five cell passages with rat IFN (103 u/ml). The cells
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were checked immediately thereafter, or 1 to 4 days after removal of the IFN-containing medium, for the presence of viral antigen and infectious virus. In no case was the number of cells carrying viral antigen nor the infectivity reduced, when compared with untreated BDV-RL cells.
To exclude the possibility that IFN cannot act in the cells used, BDV-RL cells were treated with 100 u/ml IFN immediately after trypsinization and were superinfected with 103 IDso VSV 12 h later. In this experiment the VSV-specific cytopathic effect could be completely inhibited, while in untreated cells cell destruction was observed 24 h after infection.
The data presented show that BD virus induces IFN production and after primary infection its multiplication can be inhibited by exogenous IFN. However, IFN plays no crucial role in the establishment and maintenance of viral persistence. The latter is substantiated particularly by experiments employing MDCK cells which even after induction with potent IFN inducers are not able to produce IFN (data not shown). Our findings do not formally exclude an influence of interferon on the spread of the virus in vitro. Results showed that in cell cultures that produce interferon after primary infection, viral antigen was never detectable in all cells, while persistently infected MDCK cell cultures were always infected, as judged by 100~ immunofluorescence.
In our BD virus system it was obviously impossible to eliminate the virus from carrier cultures because even addition of fresh IFN for five cell passages (i.e. IFN was present during 20 days of culturing) did not reduce production of viral antigen or infectious virus. This is in contrast to the recent work of Vallbracht et al. (1984) where it was convincingly shown that exogenous IFN can cure persistently hepatitis A virus-infected cells in vitro. This discrepancy might be explained by differences in the mechanisms by which these viruses establish persistent infection. In contrast to hepatitis A virus, persistence is readily achieved with BD virus. This work was supported by the Deutsche Forschungsgemeinschaft (Sonderforschungsbereich 47).
